. Calculated electronic transitions energies for RHP-2 and NAP-NH 2 
NMR and HRMS spectrum of compounds General Information
Thin layer chromatography was performed on silica gel 60 F 254 plates (250 μm) and column chromatography was conducted over silica gel (300-400 mesh). Visualisation of the developed chromatogram was accomplished by a UV lamp. Nuclear magnetic resonance (NMR) spectra were acquired on Bruker DRX-500/400 operated at 125/100 MHz for 1 H NMR and 13 C NMR, respectively, residual protio solvent signals serving as internal criteria for calibration purposes. Data for 1 H NMR are reported as follows: chemical shift (ppm), multiplicity (s, singlet;
d, doublet; t, triplet; q, quartet; m, multiplet), integration, coupling constant (Hz). High-Resolution Mass was performed by Mass Spectrometry. All fluorescence measurements were recorded on a Hitachi F4600 Fluorescence Spectrophotometer. The pH measurements were performed on a Mettler-Toledo Delta 320 pH meter. All fluorescence imaging experiments were conducted on a FV1000 confocal laser scanning microscope (Olympus, Japan).
Chemicals and media
Unless noted otherwise, reagents and solvents were obtained from commercial suppliers and employed without further purification: Na 2 S·9H 2 O (≥ 99.99%), NaHS, TRI reagent and High Capacity RNA-to-cDNA kit (Sigma-Aldrich, St. Louis, MO, USA); DMEM media, fetal bovine serum (FBS), penicillin (100 μg/mL) and streptomycin (100 μg/mL) (Life Technologies, CA, USA); Pierce BCA Protein Assay Kit (Thermo Scientific, Rockford, IL, USA); MCF-7 cells (the Committee on type Culture Collection of Chinese Academy of Sciences); CBS (Santa Cruz Biotechnology, Santa Cruz, CA, USA); β-actin (ZSGB-BIO, Nanjing, China); alkaline phosphatase-conjugated antibodies (1:1000, ZSGB-BIO, Jiangsu, China); BCIP/NBT alkaline phosphatase colour development Kits (Beyotime Institute of Biotechnology, Jiangsu, China). 
Synthesis and Characterisation of compounds

Evidence of mechanism detection
RHP-2 (48 mg, 0.11 mmol) was dissolved in CH 3 CN (15 mL), followed by the addition of the solution of Na 2 S• 9H 2 O (80 mg, 0.33 mmol) in PBS buffer (16.5 mL, 20 mM, pH = 7.4). The resultant mixture was stirred for 3 h at room temperature. Subsequently, EtOAc (3 x 10 mL) was added into the solution for extraction. The fluorescent product was thereafter purified by column chromatography, and the spectra obtained by 1 H NMR and 13 C NMR were consistent with those of compound NAP-NH 2 , hence the confirmation of the fluorescent product as compound NAP-NH 2 .
Quantum Yields
Quantum yields were determined using fluorescein as a standard according to a published method. 3 For RHP-2 and fluorescein, the absorbance spectra were measured within an absorbance range of 0.01 to 0.1. The quantum yield was calculated according to the equation: Φ sample = Φ standard (Grad sample /Grad standard )(η 2 sample /η 2 standard ); where Φ is the quantum yield, Φ fluorescein = 0.79 in 0.1 M NaOH, Grad is the slope of the plot of absorbance versus integrated emission intensity, and η is the refractive index of the solvent.
Preparation of the test solution
RHP-2 stock solution preparation: RHP-2 (48 mg, 0.11 mmol) was dissolved into CH 3 CN (5 mL) to get 2.0 mM stock solution. Cys (L-Cysteine) stock solution preparation: Cys (24.2 mg, 0.2 mmol) was dissolved into DI H 2 O (10 mL) to get 20.0 mM stock solution, which was then diluted to 1.0 mM and 100 µM solution for general use. Hcy (Homocysteine) stock solution preparation: Hcy (27.0 mg, 0.2 mmol) was dissolved into DI H 2 O (10 mL) to get 20.0 mM stock solution, which was then diluted to 1.0 mM and 100 µM solution for general use. GSH (Glutathione) stock solution preparation: GSH (61.5 mg, 0.2 mmol) was dissolved into DI H 2 O (10 mL) to get 20.0 mM stock solution, which was then diluted to 1.0 mM and 100 µM solution for general use. Na 2 S stock solution preparation: 4 were generated according to the previous reported method. 5 ·OH was generated by Fenton reaction between Fe II (EDTA) and H 2 O 2 quantitively. 6 NO is generated in form of 3-(Aminopropyl)-1-hydroxy-3-isopropyl-2-oxo-1-triazene (NOC-5, 50 μmol/ml).
Absorption analyses
Absorption spectra were recorded at room temperature on a Shimadzu PharmaSpec UV-2401PC UV-Visible spectrophotometer. The RHP-2 probe (CH 3 CN) was added to a quartz cuvette. With the probe diluted to 10 µM with 20 mM PBS buffer, Na 2 S was added. The resulting solution was incubated for 40 min prior to measurements (n = 3), with the mean ± SD expressed. 
Determination of the detection limit
The detection limit was calculated based on the method reported in the previous literature. 7 The fluorescence emission spectrum of RHP-2 without Na 2 S was measured by 10 times and the standard deviation of blank measurement was obtained. Then the solution was treated with Na 2 S of concentration from 0 to 100 μM. A linear regression curve was then achieved according to the intensity ratio F 532 /F 467 in the range of Na 2 S from 0 to 4 μM. The detection limit was calculated with the following equation: Detection limit = 3σ/k. Where σ is the standard deviation of blank measurements, k is the slope between the fluorescence intensity ratios versus Na 2 S concentrations. The detection limit was 270 nM and 280 nM in PBS buffer and bovine serum, respectively. min of incubation. 1.Na 2 S (0 μM); 2.Na 2 S (10 μM); 3.Na 2 S (100 μM); 4.Cys (100 μM); 5.Cys (1 mM); 6.Hcy (100 μM);
7.Hcy (1 mM); 8.GSH (1 mM); 9.GSH (10 mM); 10.Na 2 S (10 μM) + Cys (100 μM); 11.Na 2 S (100 μM) + Cys (100 μM);
12.Na 2 S (10 μM) + Cys (1 mM); 13.Na 2 S (100 μM) + Cys (1 mM); 14.Na 2 S (10 μM) + Hcy (100 μM); 15.Na 2 S (100 μM) + Hcy (100 μM); 16.Na 2 S (10 μM) + Hcy (1 mM); 17.Na 2 S (100 μM) + Hcy (1 mM); 18.Na 2 S (10 μM) + GSH (1 mM);
19.Na 2 S (100 μM) + GSH (1 mM); 20.Na 2 S (10 μM) + GSH (10 mM); and 21.Na 2 S (100 μM) + GSH (10 mM). 
MTT assay
Cell growth inhibitory effects of RHP-2 and compound NAP-NH 2 were measured using a colorimetric MTT assay kit (Sigma-Aldrich). MCF-7 cells were seeded in 96-well plates at a density of 50,000 cells/well and then maintained at 37 °C in a 5 % CO 2 incubator. The cells were incubated with different concentrations of RHP-2 and NAP-NH 2 for 24 h, respectively. Cells in culture medium without RHP-2 or NAP-NH 2 were used as control.
After the incubation time, 20 μL of MTT dye (3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyl tetrazolium bromide, 5 mg/ml in phosphate buffered saline), was added to each well, and the plates were incubated for 4 h at 37 ºC. Then, the remaining MTT solution was removed, and 150 μL of DMSO was added to each well to dissolve the formazan crystals. The plate was shaken for 10 min and the absorbance was measured at 570 nm on a microplate reader (ELX808IU, Bio-tek Instruments Inc, USA). Each sample was performed in triplicate, and the entire experiment was repeated three times. Calculation of IC 50 values was done according to Huber and Koella. IC 50 of RHP-2 and compound NAP-NH 2 was calculated to be of 101.2 ± 1.3 μM and 82.6 ± 1.1 μM, respectively. The cell viability of RHP-2 and compound NAP-NH 2 (5 μM) at 0, 6, 12, 18 and 24 h further demonstrated that the RHP-2 and NAP-NH 2 were of low toxicity to cultured MCF-7 cells. were generated by Olympus software (5C, 6C, 7C and 8C) and the corresponding bright images were shown in 5D, 6D, 7D
and 8D. Scale bars=10 μm. 
Determination of sulphide in mouse hippocampus with SFP-2 probe
For the measurement of sulphide, the mice were sacrificed, and the hippocampus was immediately isolated and homogenised with 9 volumes (w/v) of ice-cold 100 mM PBS buffer (pH 7.4); the homogenate was centrifuged at 10,000 ×g for 10 min at 4°C. All of the procedures were performed in an ice bath, and the homogenate supernatants were immediately transferred for sulphide determination. All fluorescence measurements were recorded on a Hitachi F4600 Fluorescence Spectrophotometer. Protein concentrations of the mouse hippocampus were determined with a Pierce BCA Protein Assay Kit. The determination of sulphide concentration in hippocampus homogenates spiked with Na 2 S were used as an internal standard (X, X+0.4, X+0.8, X+1.2 and X+1.6 μM). Twenty microlitres of 10 % homogenate supernatant (final concentration 2 %, w/v) was added into Eppendorf tubes containing 69 µL of PBS buffer (100 mM, pH 7.4) and DI H 2 O (10, 9.6, 9.2, 8.8 and 8.4 µL, respectively). Thereafter, 0, 0.4, 0.8, 1.2, 1.6 µL of Na 2 S stock solution (100 μM) were spiked into the samples as an internal standard, followed by the addition of 1 µL of 1.0 mM SFP-2 probe (final concentration 10 µM). Emission spectra (λ ex = 450 nm, emission at 512 nm) were determined at the end of a 40-min incubation of the mixture at 37°C. The zero point was obtained by the addition of 1 µL of 100 mM (final concentration 1 mM) ZnCl 2 to trap H 2 S in the samples. The sulphide concentration in each sample was calculated using a calibration curve of Na 2 S, and the results were expressed as μmol g -1 protein. All data are expressed as the mean ± SD (n = 3). 
Chronic unpredictable mild stress (CUMS) induction
The CUMS procedures were performed as described with slight modifications. 8 Stressors were administered once daily for 5 consecutive weeks, i.e., 24-h water deprivation, 24-h food deprivation, 1-min tail pinched with a clothes-pin (1 cm distal from the tail tip), 5-min cold swimming (at 4°C), damp sawdust with 200 ml of water per cage (sufficient to reach the moisture of the sawdust bedding) and 24-h cage tilting, 4-h immobilisation and overnight illumination. The same stressor was not applied successively so that mice could not anticipate the onset of stress. Immediately after the closure of each stress session, the animals were returned to their home cages and maintained in standard conditions until the subsequent session. Normal control animals were housed (n = 4 each) without disturbance except for necessary procedures such as weighting or cage cleansing, with ad libitum access to food and water except for a 24-h period of fasting prior to the sucrose consumption test.
Sucrose preference test
Sucrose preference test was carried out as previously described with minor modifications, 9 and was conducted before stress and 5 weeks after stress. Briefly, 72 h before the test, mice were trained to adapt 1% sucrose solution (w/v): two bottles of 1% sucrose solution were placed in each cage, and 24 h later 1% sucrose in one bottle was replaced with tap water for 24 h. After the adaptation, mice were deprived of water and food for 24 h. Sucrose preference test was conducted at 9:00 a.m., in which mice were housed in individual cages and were permitted ad libitum access to two bottles containing 100 mL of sucrose solution (1% w/v) and 100 mL of water, respectively. After 1 h, the volumes of sucrose solution and water consumed were recorded and the sucrose preference was calculated by the following formula:
Sucrose preference = sucrose consumption / (water consumption + sucrose consumption) × 100 %
Tail suspension test
The test was performed as described. 10 Mice were individually suspended 50 cm above the surface of a floor, using an adhesive tape placed 1 cm away from the tail tip. In a 6-min test session, the duration for which animal remains immobile was recorded during the final 5 min. Mice were considered immobile if there were no body movements.
Forced swimming test
The forced swimming test was performed as previously described except for slight modifications. 11 Briefly, mice were forced to swim individually in a transparent glass vessel (25 cm in height, 10 cm in diameter) with water filled to 10 cm at 24-26 °C, which was to be refreshed prior to each trial. Animals were trained for 15 min for swimming 24 h before commencement of test. The total duration of immobility (seconds) was measured during the final 4 min of a single 6 min test session. Mice were considered immobile when they made no attempts to escape except for the movements necessary to keep their heads above the water. This immobile posture reflects a state of behavioural despair or helplessness. 
Theoretical and Computational Methods
In order to understand the sensing mechanism of the RHP-2, we carried out theoretical calculations by using the density functional theory (DFT) and time-dependent functional theory (TDDFT) method. Molecular excitation energies, oscillator strengths (f) and electron transitions were listed in Table S2 . Frontier molecular orbitals and corresponding energies of RHP-2 and compound NAP-NH 2 are shown in Fig S23. Both the HOMO and LUMO of NAP-NH 2 are mainly localized on naphthalimide moiety. As for RHP-2, the HOMO has no significant change with respect to NAP-NH 2 and mainly localized on naphthalimide moiety, while the LUMO is essentially outspreaded on 4-nitrophenyl group. Obviously, the electron promotion from the HOMO to LUMO is accompanied by charge transfer from the donor moiety (naphthalimide moiety) to the acceptor group (4-nitrophenyl group), so that HOMO-LUMO transition of RHP-2 can be classified as an intramolecular charge transfer (ICT).
In support of the assertion of charge transfer nature, Figure S24 depicts the differential charge densities (Δρ) between the ground and excited state. The electron density difference map gives a dynamic visualization of electronic rearrangement for a transition, with green regions (positively valued) denoting an accumulation of density and red regions (negatively valued) representing a depletion of density upon excitation. 12 The density depletion zones (red) of RHP-2 are mostly located on naphthalimide moiety. This finding is consistent with a weak donor character of the naphthalimide moiety. On the other hand, the regions of density increment (green) look more localized on 4-nitrophenyl group. These results further demonstrated that RHP-2 possess obvious ICT character, which result in blue-shifted absorption and fluorescence emission. With respect to compound NAP-NH 2 , the electrons in LUMO exhibits large overlap with those in HOMO, which would consequently result in localized state (LE) and induce strong fluorescence emission. These calculations were consistent with the experimental results and rationalize the ICT process. 
RHP-2 NAP-NH
Computational method
The ground geometries and electron transition of the title compounds have been investigated by using Gaussian 09 program. 13 The ground state (S 0 ) geometries were fully optimized without constraint at the PBE1PBE/6-31G(d,p) level, and all the local minima were confirmed by the vibrational frequencies analysis. On the basis of the optimized structures of the S 0 -states, the TDDFT calculations with PBE1PBE/6-31+G(d,p) method were performed to compute the absorption energies of title compounds. All calculation was performed in gas phase. The electron density difference map of the title compounds have been generated using Multiwfn 14 and Gauss View embedded in Gaussian 09 program. 
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